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diagnosis apparatus of a photovoltaic power system which diagnoses the normality/abnormality 
of the output and which, if necessary, diagnoses the cause of the abnormality. 



Q.3 



Insert the heading before the paragraph beginning at page 1, line 12 as follows: 



2. Description of the Related Art 



Paragraph beginning at page 1, line 12 has been amended as follows: 




Conventionally, photovoltaic power, which has very little effect on the earth's environment 
and which generates electricity through the use of solar energy has been considered the most 
promising clean energy for the future, unlike thermal power generation in which fossil fuels undergo 
combustion and in which large amounts of carbon dioxide are discharged leading to global warming, 
Q^Jy hydroelectric power generation which has the difficulty of securing installation sites or atomic power 
generation which has the problem of the disposal of waste, or the like. In recent years, the spread 
to residential houses of the photovoltaic power system has expanded in accordance with the 



introduction of financial assistance from public organizations. 



as 



Paragraph beginning at page 1, line 24 has been amended as follows: 



Such a photovoltaic power system comprises a solar battery panel, having a plurality of solar 
battery cells electrically connected in series, which is mounted on a roof, or the like; an inverter, 
which converts the direct current output from the solar battery panel to an alternating current output; 
and wires, which make connections between the solar battery panel and the inverter as well as. 
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between the inverter and the loads. Then, when the solar rays irradiate the solar battery panel, a 
photovoltaic conversion is carried out in each solar battery cell and these conversion outputs are 
collected so as to generate direct current power and, then, this direct current power is converted to 
alternating current power by the inverter so as to be supplied to the loads. 



Paragraph beginning at page 1, line 1 1 has been amended as follows: 
In order to stably gain a desired electric energy to be supplied to the loads, it is necessary to 
monitor whether or not the photovoltaic power system operates normally so as to take measures after 
quickly discovering the cause in the case that it is found that the output is abnormal. However, a 
system wherein the diagnosis, of whether or not the operation of the photovoltaic power system is 
normal, is carried out simply and with a high precision has not yet been constructed. Though a 
variety of methods for detecting abnormalities of each component of a solar power system have been 
conventionally known, there is a problem that, in the case that the output of the photovoltaic power 
system is abnormal, the work of the discovery of the cause by inspecting each component using such 
methods takes a long period of time. In addition, there is a problem in that the work of the discovery 
of the cause cannot be carried out in the case that the output of the system becomes abnormal in spite 
of the fact that each component operates normally. 



Heading beginning at page 3, line 4 has been amended as follows: 



SUMMARY OF THE INVENTION 
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Paragraph beginning at page 3, line 9 has been amended as follows: 



Another object of the present invention is to provide a diagnosis method and a diagnosis 
apparatus of photovoltaic power system which can not only diagnose the normality/abnormality of 
the output but can also quickly diagnose the cause of the abnormality. 



Paragraph beginning at page 3, line 18 has been amended as follows: 



In a diagnosis method and apparatus according to the first aspect of the invention, a reference 
output characteristic at the time of normal operation that is obtained in accordance with the 
installation condition and an output characteristic obtained during actual operation are compared and 
the comparison result is evaluated to diagnose the normality/abnormality of the output of the 
photovoltaic power system. Therefore, a precise diagnosis result can be quickly obtained. 



Paragraph beginning at page 4, line 1 has been amended as follows: 



In a diagnosis method and apparatus according to a second aspect of the invention, the 
reference output characteristic at the time of normal operation is calculated in accordance with the 
installation condition and the calculated reference output characteristic and the output characteristic 
which has actually been measured are compared and the comparison result is evaluated in order to 
diagnose the normality/abnormality of the output of the photovoltaic power system. Accordingly, 
the reference output characteristic is calculated in accordance with the installation condition and, 
therefore, it is not necessary to store, in a memory, a large number of reference output characteristics 
in accordance with a variety of installation conditions so as to be able to correspond to all installation 
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QLvi 



Paragraph beginning at page 4, line 14 has been amended as f ollows: 



According to a third aspect of the invention, as for the installation condition of the 
photovoltaic power system according to the first or the second aspect of the invention, site 
(longitude, latitude, topography, meteorological condition, or the like), direction (16 directions), 
angle (inclination angle with respect to the ground), configuration (types of solar batteries, number 
of cells in series, total area of cells (panel area)) are used. Accordingly, precise data of the reference 
output characteristic can be obtained and, together with that, the diagnosis result becomes precise. 



Paragraph beginning at page 4, line 23 has been amended as follows: 



According to a fourth aspect of the present invention, the output characteristic measured in 
the first or second aspect of the invention is stored in a memory. Accordingly, a diagnosis process 
can be carried out at an arbitrary point of time. 



Paragraph beginning at page 5, line 2 has been amended as follows: 



In a diagnosis method and apparatus according to a fifth aspect of the invention, a past output 
characteristic is preserved and this output characteristic is taken into consideration in diagnosing the 
normality/abnormality of the photovoltaic power system. Accordingly, a precise diagnosis result can 
be quickly obtained by taking into consideration the effect of the characteristic particular to the 
photovoltaic power system to be diagnosed.* 
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Paragraph beginning at page 5, line 9 has been amended as follows: 



In a diagnosis method and apparatus according to a sixth aspect of the invention, the 
reference output characteristic at the time of normal operation is obtained in accordance with the past 
output characteristic and the obtained reference output characteristic and the output characteristic 
which has actually been measured are compared so that the comparison result is taken into 
consideration so as to diagnose the normality/abnormality of the output of the photovoltaic power 
I if system. Accordingly, the reference output characteristic is obtained in accordance with the actual 
output characteristic of the past and, therefore, the optimal reference output characteristic suitable 
for each photovoltaic power system can be easily obtained so as to quickly obtain a precise diagnosis 



result. 



Paragraph beginning at page 5, line 22 has been amended as follows: 



According to a seventh aspect of the invention, the reference output characteristic is made 
to be different for each of a plurality of time periods, gained by dividing up a year in the sixth aspect 



of the invention. The output characteristic in a photovoltaic power system is easily influenced by 
seasonal changes in the meteorological condition (air temperature, solar radiation time, sun altitude, 
or the like). Therefore, a standard output characteristic suitable for the meteorological condition is 
set for each of a plurality of time periods (monthly unit, seasonal unit, or the like) in a year. 
Accordingly, the reference output characteristic which is always optimal throughout the year can be 
obtained so as to quickly obtain a precise diagnosis result. 
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Paragraph beginning at page 6, line 9 has been amended as follows: 



In an eighth aspect of the invention, only the output characteristic at the time of the normal 
case, as a result of a diagnosis in the sixth or the seventh aspect of the invention, is reflected in the 
reference output characteristic for the next time. Accordingly, the output characteristic of the 
abnormal case is not reflected in the reference output characteristic for the next time and, therefore, 
a reference output characteristic with a high precision can always be obtained. 



Paragraph beginning at page 6, line 17 has been amended as follows: 



In a diagnosis method and apparatus according to a ninth aspect of the invention, the 
reference output characteristic used for the diagnosis of the normality/abnormality of the first 
photovoltaic power system of to be diagnosed is obtained in accordance with the output 
characteristic of the second photovoltaic power system. Accordingly, even in the first photovoltaic 
power system which is newly set, the reference output characteristic thereof is obtained by 
considering the output characteristic of the second photovoltaic power system during actual 
operation which has a similar installation condition and system characteristic and, therefore, a 



precise reference output characteristic can easily be obtained. 



Paragraph beginning at page 7, line 3 has been amended as follows: 



In a diagnosis method and apparatus according to a tenth aspect of the invention, the 
comparison result of comparing the reference output characteristic at the time of normal operation 
with the output characteristic during actual operation, in the first to the ninth aspects of the invention, 
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is considered so as to diagnose the cause of the case where the output is abnormal. Accordingly, the 
cause of the abnormality can be quickly discovered so as to take immediate measures. 



Paragraph beginning at page 7, line 1 1 has been amended as follows: 



In a diagnosis method and apparatus according to an eleventh aspect of the invention, as for 
the reference output characteristic and the output characteristic in the first to the tenth aspects of the 
invention, a direct current voltage, an alternating current voltage, a direct current electric energy, an 
alternating current electric energy, or the like, are used. Accordingly, a diagnosis can be carried out 
from multiple points of view and not only the cause resulting from the abnormality of a component 



but also other causes can be diagnosed. 



Paragraph beginning at page 7, line 20 has been amended as follows: 



' In a diagnosis method and apparatus according to a twelfth aspect of the invention, the actual 

amount of solar radiation during the operation of the photovoltaic power system is measured. 
Accordingly, data of the amount of solar radiation can be acquired as the data for diagnosis so as to 



carry out a diagnosis from a greater number of multiple points of view. 



Heading beginning at page 8, line 5 has been amended as follows: 



BRIEF DESCRIPTION OF THE DRAWINGS 



Paragraph beginning at page 8, line 7 has been amended as follows: 
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FIG. 1 is a schematic diagram showing a first embodiment of the present invention in which 
a diagnosis of a photovoltaic power system is carried out by using a diagnosis apparatus of 
photovoltaic power system; 

FIG.2 is a flow chart showing an operation procedure of the diagnosis apparatus of 
photovoltaic power system according to the first embodiment; 

FIG.3 is a schematic diagram showing a second embodiment of the present invention in 
which a diagnosis of a photovoltaic power system is carried out by using a diagnosis apparatus of 
photovoltaic power system; 

FIG.4 is a flow chart showing an operation procedure of the diagnosis apparatus of 
photovoltaic power system according to the second embodiment; 

FIG. 5 is a schematic view showing a third embodiment of the present invention in which a 
diagnosis of a photovoltaic power system is carried out by using a diagnosis apparatus of 
photovoltaic power system; 

FIG.6 is a flow chart showing an operation procedure of the diagnosis apparatus of 
photovoltaic power system according to the third embodiment; 

FIG.7 is a flow chart showing a procedure of a diagnosis process according to the present 
invention; 

FIG. 8 is a flow chart showing a procedure of a diagnosis process according to the present 
invention; 

FIG.9 is a graph showing the relationship between the reference output characteristic (direct 
current voltage) at the time of normal operation and the actually measured output characteristic 
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(direct current voltage); 




FIG. 1 0 is a graph showing the relationship between the reference output characteristic (direct 
current voltage) at the time of abnormal operation and the actually measured output characteristic 

(direct current voltage); 

FIG. 1 1 is a graph showing the relationship between the reference output characteristic 
(electric energy) at the time of normal operation and the actually measured output characteristic 
(electric energy); and 

FIG. 12 is a graph showing the relationship between the reference output characteristic 
(electric energy) at the time of abnormal operation and the actually measured output characteristic 



(electric energy). 



*3 



Heading beginning at page 9, line 24 has been amended as follows: 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE PRESENT 
INVENTION 



Paragraph beginning at page 9, line 25 has been amended as follows: 



In the following, the present invention is described based on the drawing showing the 



0| ^ij^j preferred embodiments. 




Paragraph beginning at page 10, line 3 has been amended as follows: 



FIG.l is a schematic diagram showing the first embodiment [of the case where] in which a 
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y diagnosis of a photovoltaic power system is carried out by using a diagnosis apparatus of 
photovoltaic power system according to the present invention. 



Paragraph beginning at page 10, line 7 has been amended as follows: 



A solar battery panel 21 which has a plurality of solar battery cells 20 electrically connected 
in series is attached to the roof 3 1 of a house 30 at a predetermined angle with respect to the ground 
surface. A wire 22 for taking out the output of the solar battery panel 21 is connected to a power 
i» |^ adjuster 24 which has an inverter 23 for converting a direct current output to an alternating current 
output. In addition, a wire 25 for the output from the power adjuster 24 is connected to a load 26, 
comprising a variety of electric appliances. 



Paragraph beginning at page 10, line 16 has been amended as follows: 



When solar rays irradiate the solar battery panel 21, photovoltaic conversion is carried out 
in each of the solar battery cells 20 and these conversion outputs are collected so as to generate a 
direct current power which is converted into an alternating current power by an inverter 23 so that 
the converted alternating current power is supplied to the load 26. 



Paragraph beginning at page 11, line 3 has been amended as follows: 



The measurement unit 1 measures the value of the output characteristic of the photovoltaic 
power system during operation. More specifically, the measurement unit 1 chronographically 
measures the value of the output characteristic (direct current voltage, direct current) before the 
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conversion by the inverter 23 and the output characteristic (alternating current voltage, alternating 
current, electric power, electric energy) after the conversion. In addition, the measurement unit 1 
measures the amount of solar radiation detected by the pyrheliometer 8 installed on the roof 3 1 . 
Those measured values are stored in the measurement data memory unit 6. Here, each of these 
measured values is averaged during one segment of one hour so as to be stored in the measurement 
data memory unit 6. In addition, an abnormal signal of the inverter outputted from the inverter 23 
whenever an abnormality occurs in the inverter 23 is also stored in the measurement data memory 
unit 6. 



Paragraph beginning at page 13, line 2 has been amended as follows: 
Here, for example, in the case that the above measurement unit 1 and the diagnosis unit 2 are 
configured by a CPU, the diagnosis reference value storage unit 3, the diagnosis factor storage unit 
4, the program storage unit 5 and the measurement data memory unit 6 are configured of a hard disc 
device and the output unit 7 is configured of a liquid crystal display, the diagnosis apparatus of 
photovoltaic power system according to the first embodiment can be configured by one personal 
computer for all of the function parts, except for the pyrheliometer 8. Or, the above CPU and the 
hard disc device may be provided within the power adjuster 24 and the output unit 7 alone may be 
provided within the house. , 

Paragraph beginning at page 13, line 14 has been amended as follows: 
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Next, the operation of the diagnosis apparatus of photovoltaic power system according to the 
first embodiment having the above configuration is described in reference to the flow chart of FIG.2 
which shows the procedure thereof. 



Paragraph beginning at page 14, line 19 has been amended as follows: 



FIG. 3 is a schematic diagram showing the second embodiment in which a diagnosis of a 
photovoltaic power system is carried out by using a diagnosis apparatus of photovoltaic power 
system according to the present invention. Here, in FIG. 3, the same or similar elements as in FIG.l 
are denoted as the same numerals, of which the descriptions are omitted. 



Paragraph beginning at page 16, line 9 has been amended as follows: 



Here, for example, in the case that the above measurement unit 1, the diagnosis unit 2 and 
the diagnosis reference value calculation unit 1 1 are configured by a CPU, the diagnosis factor 
storage unit 4, the program storage unit 5 and the measurement data memory unit 6 are configured 
of a hard disk device, the output unit 7 is configured by a liquid crystal display and the input unit 12 
is configured by a keyboard, the diagnosis apparatus of photovoltaic power system according to the 
second embodiment can be configured by one personal computer for all of the function parts, except 
for the pyrheliometer 8. Alternatively, the above CPU and the hard disc device may be provided 



within the power adjuster 24 and the output unit 7 alone may be provided within the house. 




Paragraph beginning at page 18, line 2 has been amended as follows: 
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FIG. 5 is a schematic diagram showing the third embodiment in which a diagnosis of a 
photovoltaic power system is carried out by using a diagnosis apparatus of photovoltaic power 
system according to the present invention. Here, in FIG. 5, the same or similar elements as in FIG. 1 
or Fig. 3 are denoted by the same numerals, of which the descriptions are omitted. 



Paragraph beginning at page 19, line 20 has been amended as follows: 



Here, for example, in the case that the above measurement unit 1 and the diagnosis unit 2 are 
configured by a CPU, the diagnosis factor storage unit 4, the program storage unit 5, the 
measurement data memory unit 6, the base value storage unit 13 and the correction factor storage 
unit 14 are configured by a hard disk device and the output unit 7 is configured by a liquid crystal 
display, the diagnosis apparatus of photovoltaic power system according to the third embodiment 
0^ 3 ^ can ^ e con fig ure d by one personal computer for all of the function parts, except for the pyrheliometer 

8. Alternatively, the above CPU and the hard disc device maybe provided within the power adjuster 
24 and the output unit 7 alone may be provided within the house. 




Paragraph beginning at page 21, line 22 has been amended as follows: 



In the following, an example of this diagnosis process in the third embodiment is described. 
^ Here, the output characteristic which becomes the diagnosis reference is assumed to be electric 
energy, the diagnosis process in January of every year (for three years) is described. 



Paragraph beginning at page 22, line 15 has been amended as follows: 

-14- 



U.S. Patent Application Serial No. 09/800,515 



Because the diagnosis has the result of normal (S27: YES), "normal" is outputted and 
displayed in the output unit 7 (S28). In addition, the correction factor v of the correction factor 
storage unit 14 is changed (S29). More specifically, the average value 1 . 1 between actual measured 
value (120) base value (100) = 1.2 and present v = 1 is written into the correction factor storage 
unit 14 as a new correction factor v. In addition, the diagnosis factors r, s of the diagnosis factor 
Q^Jj^ storage unit 4 are changed (S30). More specifically, because the actual measured value is reflected 
for the correction factor, the diagnosis factors r, s are both made closer to 1 by 0.01 so as to be r = 
0.71, s = 1.29, which are written into the diagnosis factor storage unit 4. 



Paragraph beginning at page 23, line 15 has been amended as follows: 



Because the diagnosis has the result of abnormal (S27: NO), "abnormal" is outputted and 
displayed in the output unit 7 (S3 1 ). Here, because the abnormality is obtained, the correction factor 
and the diagnosis factor are not changed. 



Paragraph beginning at page 24, line 9 has been amended as follows: 



Because the diagnosis has the result of normal (S27: YES), "normal" is outputted and 
displayed in the output unit 7 (S28). In addition, the correction factor v of the correction factor 
storage unit 14 is changed (S29). More specifically, the average value 1 .2 between actual measured 
value (130) + base value (100) = 1.3 and present v = 1.1 is written into the correction factor storage 
unit 14 as a new correction factor v. In addition, the diagnosis factors r, s of the diagnosis factor 
storage unit 4 are changed (S30). More concretely, since the actual measured value is reflected for 
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the correction factor, the diagnosis factors r, s are both further made closer to 1 by 0.01 so as to be 
^ ~ r = 0.72, s = 1.28, which are written into the diagnosis factor storage unit 4. 




Paragraph beginning at page 24, line 21 has been amended as follows: 



Here, though in this third embodiment the base value stored in the base value storage unit 
1 3 is assumed not to change, it is preferable to change the base value to correspond to changes in the 
surrounding environment in the case that those changes are large, such as the construction of a large 
building in the neighborhood. At this time, as for the changed base value, a simulation result which 
is obtained again after taking respective conditions into consideration in the same manner as in the 
case of the initial value may be adopted or the actual measured value after the change of the 
environment may be adopted. In addition, though in the specific example of the third embodiment 
the base value, the diagnosis reference value, or the like, are made to be different for every month, 
that period may be arbitrarily set and those values may be made different for each season (spring, 
summer, autumn and winter). 



Paragraph beginning at page 26, line 22 has been amended as follows: 



' TIG. 9 and 10 are graphs showing the relationships between the measured value of the direct 
current voltage and the diagnosis reference value thereof in a particular installed photovoltaic power 
Cj^^^^ system (installation site: within Osaka city limits, installation direction: facing to the west, 

installation angle: 30 degrees, maximum electric power: 3 kW) in June. In the graph of FIG.9, 
because the measured value and the diagnosis reference value satisfy the condition (1), the diagnosis 
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has the result of normal. On the other hand, in the graph of FIG. 1 0, because the above values satisfy 
neither of the conditions of (5) nor (1), the diagnosis has the result of abnormal. 




Paragraph beginning at page 27, line 8 has been amended as follows: 




OA/ 



FIG. 11 and 12 are graphs showing the relationships between the measured value of the 
electric energy and the diagnosis reference value thereof in the photovoltaic power system installed 
under the same condition as the above. In the graph of FIG. 1 1 , because the measured value and the 
diagnosis reference value satisfy the condition (1), the diagnosis has the result of normal. On the 
other hand, in the graph of FIG. 1 2, because the above values do not satisfy the condition (5) and do 
not satisfy the condition ( 1 ) during the time period from 1 3 : 00 to 1 6 : 00, the diagnosis has the result 
of abnormal. 



Paragraph beginning at page 28, line 15 has been amended as follows: 



The alternating current electric energy of the reference output characteristic and the actually 
measured alternating current electric energy are compared (Step S47). In the case that the latter is 
^ larger than the former (S47 : YES), because the measured electric energy is greater than the reference 
electric energy, the system doesn't have any problems and the diagnosis has a result of no 
abnormality (Step S56). 



Paragraph beginning at page 29, line 25 has been amended as follows: 



In addition, the diagnosis apparatus in the first to the third embodiments may be built in, in 
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advance, in the installed photovoltaic power system or may be attached to the photovoltaic power 
system through connection at the time of the diagnosis process. Furthermore, although a 
photovoltaic power system wherein the output from the power adjuster 24 is directly supplied to the 
load 26 is described in the first to the third embodiments, the present invention is, of course, not 
^ limited to this but, rather, can be applied to a photovoltaic power system which is systematically 




connected to a commercial power source. 



Paragraph beginning at page 30, line 10 has been amended as follows: 



Here, although in a newly installed photovoltaic power system, the above described diagnosis 
reference values in the first and second embodiments, as well as the base value in the third 
embodiment, are obtained by considering the installation condition, in the case that another 
photovoltaic power system exists in the vicinity wherein this condition is the same, or similar, it is 
possible to utilize the diagnosis reference value, the base value or the actual output characteristic 
(measured value) as it is, or after a fine adjustment, for the above diagnosis reference value and for 
the above base value. In addition, in the case that such a photovoltaic power system does not exist 
in the vicinity, it is also possible to acquire such pieces of information from a photovoltaic power 
system during operation which is installed in a remote location. 




Paragraph beginning at page 32, line 2 has been amended as follows: 



In addition, in the present invention, because the past output characteristic is stored so that 
the past output characteristic is taken into consideration to diagnose the normality/abnormality of 
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the output of the photovoltaic power system and, at the same time, to diagnose the cause of the case 
of abnormal output if necessary, it becomes possible to gain a precise diagnosis result which reflects 
the effect of the characteristic particular to the photovoltaic power system to be diagnosed. 




Paragraph beginning at page 32, line 21 has been amended as follows: 




In addition, in the present invention, because reference output characteristics different for 
each of the plurality of periods of time gained by dividing a year are set by taking the seasonal 
changes in the meteorological condition into consideration, the reference output characteristic that 
is always optimal throughout the year can be obtained so that it becomes possible to quickly gain a 
precise diagnosis result. 



<NAf> 



Paragraph beginning at page 33, line 10 has been amended as follows: 



In addition, in the present invention, because at least, direct current voltage, alternating 
current voltage, direct current electric energy, alternating current electric energy, are used as the 
reference output characteristic and the output characteristic, diagnosis can be carried out from 
multiple aspects so that it becomes possible to correctly diagnose not only the cause of the abnormal 



component but also to correctly diagnose other causes. 



Paragraph beginning at page 33, line 17 has been amended as follows: 



In addition, in the present invention, because the actual amount of solar radiation is 
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measured, the data of the amount of solar radiation can be acquired as the data for diagnosis so as 
to carry out a diagnosis from multiple aspects of a greater number. 




Paragraph beginning at page 33, line 21 has been amended as follows: 
Furthermore, in the present invention, because the reference output characteristic is acquired 
from another photovoltaic power system of which the installation condition and system characteristic 
are similar, it becomes possible to more easily obtain a precise reference output characteristic. 



IN THE CLAIMS: 

Amend claims 1, 5, 9, 10, 16, 19 and 22 as follows: 




1 . (Amended) A method for diagnosing the normality/abnormality of an output of an 
installed photovoltaic power system, comprising the steps of: 

comparing a reference output characteristic obtained in accordance with an installation 
condition of said photovoltaic power system with a measured output characteristic in said 
photovoltaic power system obtained during operation; and 

diagnosing the normality/abnormality of the output of said photovoltaic power system based 
on the comparison result, 

wherein said photovoltaic power system is diagnosed as normal only if said measured output 
characteristic is greater than a first predetermined value and less than a second predetermined value, 
said first and second predetermined values being based on said reference output characteristic. 



